t h e decoupling o f c o n f i g u r a t i o n a l averages from which t h e u s u a l cont i n u o u s time random walk (CTRW) approximation can be d e r i v e d t o d e f i n e a CTKW(n) approximation. The o t h e r approach, which i s p r e s e n t e
d i n some d e t a i l , i s based on a m o d i f i c a t i o n o f t h e homomorphic c l u s t e r e x t e n s i o n of t h e coherent p o t e n t i a l approximation (HCCPA). A comparison o f t h e r e s u l t s o f t h e s e methods f o r t h e d i f f u s i o n c o e f f i c i e n t i n some model systems i n d i c a t e s t h a t a l l t h e s e methods g i v e t h e same r e s u l t s a t high f r e q u e n c i e s . A t i n t e r m e d i a t e f r e q u e n c i e s t h e r e s u l t s o f t h e CTRW(2) method a r e much c l o s e r than t h o s e o f t h e CTRW(1) method t o t h o s e of t h e HCCPA, b u t a t low f r e q u e n c i e s t h e r e s u l t s of both t h e s e CTRW methods d i f f e r a p p r e c i a b l y from t h o s e o f t h e HCCPA method.

I n t r o d u c t i o n . -
The problem o f c a l c u l a t i n g t h e t r a n s p o r t p r o p e r t i e s o f d i s o r d e r e d systems i n which p a r t i c l e s hop between d i s c r e t e l o c a l i s e d s t a t e s i s s o complex t h a t numerous approximations have been proposed f o r t r e a t i n g i t . I f t h e t r a n s p o r t prop e r t i e s a r e derived from a s e t o f r a t e e q u a t i o n s , t h e y can g e n e r a l l y be expressed i n terms of t h e c o n f i g u r a t i o n a l average <G(u)> o f t h e Green's f u n c t
i o n G(u) a s s o c i a t e d with t h e Laplace transform o f t h e s e equations. A t l e a s t t h r e e d i s t i n c t approaches e x i s t t o t h e c a l c u l a t i o n o f <G(u)>. One p o s s i b i l i t y i s t o use diagram techniques
[ I ] o r o t h e r p e r t u r b a t i o n t h e o r y t e c h n i q u e s [ 2 ] t o f i n d a s e l f -e n e r g y from which <G(u)> can be c a l c u l a t e d . Another approach, which corresponds t o t h e well-known continuous time random walk (CTRW) approximation o f Montroll, Scher and Lax [ 3 ] , i s t o decouple t e r n s on t a k i n g t h e c o n f i g u r a t i o n a l average o f a Dyson equation f o r G(u) [ 4 ] . A t h i r d approach, on which we c o n c e n t r a t e i n t h i s p a p e r , i s t o use a coherent p o t e n t i a l approximation (CPA) t o f i n d an e f f e c t i v e o p e r a t o r whose Green's f u n c t i o n approximately e q u a l s <G(u)> by r e q u i r i n g t h a t t h e s c a t t e r i n g produced by t h e d i f f e rence between t h i s o p e r a t o r and t h a t o f t h e a c t u a l system, a s d e s c r 
Green's Functions f o r t h e Rate Equations, and t h e CTRW Approximations.-I t i s f r eq u e n t l y p o s s i b l e t o map t h e l o c a l i s e d s t a t e s o f t h e d i s o r d e r e d system o n t o a periodi c l a t t i c e , with ~( l _ , t l~~) , t h e p r o b a b i l i t y t h a t a p a r t i c l e s t a r t i n g a t s i t e a t time t = 0 w i l l bc a t s i t e 1 a t time t , s a t i s f y i n g t h e r a t e e q u a t i o n s 161
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where W(L1,1), t h e e f f e c t i v e hopping r a t e from s i t e 1' t o s i t e 1, i s a random v a r iable. I t i s convenient t o consider t h e Laplace transform of equations ( I ) , and t o express t h i s i n matrix form by defining t h e matrices G(u), V , and A whose ( l ,~) elements a r e , r e s p e c t i v e l y , t h e Laplace transform of P ( l , t In), W(n,l) and
x W(1,p)61,n -W e r e a d i l y f i n d [4] t h a t t h e s e matrices s a t i s f y t h e equation
so t h a t G(u) i s t h e Green's function of t h e operator H = V -A. The average t r a n sport p r o p e r t i e s of t h e system, such a s t h e d i f f u s i o n c o e f f i c i e n t a t frequency w, D(w), can then r e a d i l y be expressed i n terms of t h e configurational average <G(iw)> [ 6 ] .
One p o s s i b l e development of equation ( 2 ) i s t o w r i t e i t i n t h e form where Go(u) i s t h e random diagonal matrix (uI + A)-'. On taking t h e configurational average of both s i d e s o f equation (3), and decoupling G(u) i n t h e l a s t term, we
which i s exactly equivalent t o t h e usual CTRW approximation of [ 3 ] , a s we have shown elsewhere [ 4 ] . An obvious extension of t h i s approach, which we c a l l t h e CTRW(n) approximation For a system such a s ours, i n which H has disorder i n i t s off-diagonal elements a s well as i n i t s diagonal ones, t h e HCCPA method i s very s u i t a b l e . In t h i s method, which has been shown t o be an a n a l y t i c extension of t h e usual CPA method [ S ] , t h e disordered system i s p a r t i t i o n e d i n t o homomorphic c l u s t e r s ( i . e . , c l u s t e r s a l l t h e same shape), C, each containing a s e t of r b a s i s functions t h a t we denote by Ic).
This p a r t i t i o n i n g must be such t h a t both t h e operator H of equation (2) and t h e e f f e c t i v e operator H of equation (6) can be expressed a s sums over t h e c l u s t e r s .
W e then w r i t e where hC and s ( u ) a r e r x r m a t r i c e s and s ( u ) i s independent o f C. I n t h e s p i r i t of t h e u s u a l CPA, we determine s ( u ) by r e q u i r i n g t h a t t h e mean o f t h e T-matrix associ a t e d with t h e o p e r a t o r H-H between c l u s t e r s C be z e r o . Thus, i f ge(u) denotes t h e m a t r i x o f Ge(u) between t h e s t a t e s of a c l u s t e r , we r e q u i r e t h a t t h e c o n f i g u r a t i o n a l average
For convenience, we c o n s i d e r h e r e systems i n which p a r t i c l e s can hop o n l y from one s i t e t o any of t h e n a d j a c e n t s i t e s , and f o r which V i s a symmetrix m a t r i x , although t h e method can be a p p l i e d t o more general systems. For a system l i k e t h i s , with hopping o n l y between n e a r e s t neighbours, i t i s n a t u r a l t o choose C t o be a p a i r o f a d j a c e n t s t a t e s . I n t h a t c a s e , i f we denote by -s t and s" t h e diagonal and o f fdiagonal elements o f s ( u ) , r e s p e c t i v e l y , t h o s e o f He w i l l be -n s l and s" r e s p e c t i v e l y .
In t h e HCCPA method a s o r i g i n a l l y proposed [S], t h e diagonal elements of hc were 1 
chosen s i m i l a r l y t o be r;-time t h o s e o f H. However, f o r o u r problem, a d i f f e r e n t choice i s more a p p r o p r i a t e . Since t h e diagonal elements o f H, -A1, a r e j u s t minus t h e sum o f a l l t h e t r a n s i t i o n r a t e s from L t o o t h e r s t a t e s , it is-natural t o associ a t e with t h e c l u s t e r C c o n t a i n i n g s t a t e s -1 and -1 ' t h o s e p a r t s o f -A1 and -A1, t h a t correspond t o t r a n s i t i o n s from 1 t o 1' and v i c e v e r s a . Thus, f o r t h F s c l u s t~r we can w r i t e Simple c a l c u l a t i o n s t h e n show t h a t s" = s f , a c o n d i t i o n which a l s o follows from t h e c o n s e r v a t i o n o f p a r t i c l e s f o r t h e e f f e c t i v e medium, and t h a t s ' i s determined by
Here, g l l and g12 denote t h e diagonal and o f f -d i a g o n a l elements o f ge(u), r e s p e c ti v e l y , and a r e known f u n c t i o n s of s ' , s i n c e s ' determines He.
Thus, f o r any given d i s t r i b u t i o n o f t h e t r a n s i t i o n r a t e s V e q u a t i o n (10) can be solved t o f i n d s f , and hence Ge(u) = <G(u)>. Moreover, i t can r e a d i l y be shown t h a t t h e d i f f u s i o n coe f f i c i e n t o f t h e system a t frequency w, D(w), i s equal t o a r e a l c o n s t a n t t i m e s t h e v a l u e o f s ' f o r u = i w .
R e s u l t s o f C a l c u l a t i o n s on Model Systems.-I t follows from e q u a t i o n (10) t h a t , f o r a l l systems, a t s u f f i c i e n t l y high f r e q u e n c i e s s ' = C V~,~' . This l e a d s t o t h e same formula f o r D(w) a s t h e p a i r approximation, which i s Known [6] t o be e x a c t i n t h e high frequency l i m i t . As t h e frequency w + 0 , t h e l i m i t i n g v a l u e of s ' depends on t h e c o n n e c t i v i t y o f t h e system; i n p a r t i c u l a r , it can be shown t h a t f o r one-dimens i o n a l systems, l / s l + < l / V 1 A t i n t e r m e d i a t e f r e q u e n c i e s , t h e r e s u l t s depend on -> -as given by t h e CTRW(n) method, t o D&(w), i t s value from t h e HCCPA method, as a func t i o n of t h e reduced frequency @/A, f o r ey = lo3. -n = 2; ---n = 1. 
The r e s u l t s of t h e c a l c u l a t i o n s f o r d i f f e r e n t values of y a r e very s i m i l a r , and q u a l i t a t i v e l y resemble those of t h e CTRW methods [4] . Thus, f o r i n s t a n c e , D'(w), t h e r e a l p a r t of D(w), s a t u r a t e s a t high frequencies, and a s t h e frequency i s lowered has an extensive region i n which D ' (w) i s approximately proportional t o wa with O<a<l, t h e extent of which increases with increasing y. However, a d e t a i l e d comparison of D1(w) as given by t h e HCCPA, CTRW(1) and CTRW(2) methods r e v e a l s s i g n i f i c a n t q u a n t i t a t i v e d i f f e r e n c e s , and a s e t of t y p i c a l r e s u l t s i s shown i n f i g . 1. Discussion.-A t s u f f i c i e n t l y hi-gh frequencies, where t h e CTRW and HCCPA methods a r e a l l exact [ 4 , 6 ] , they obviously a l l give t h e same value of Df(w). However, a s can be seen from f i g . 1, when t h e frequency decreases t h e r e s u l t s of t h e CTRW(1) method s t a r t t o diverge from those o f t h e HCCPA method a t a higher frequency, and i n i t i a l l y t o a much g r e a t e r e x t e n t , than do those of t h e CTRW(2) method. The reason f o r t h i s i s t h a t , a t such frequencies, paths involving two s t e p s s t a r t becoming of importance i n determining D1(w), and t h e c o r r e l a t i o n s between t h e s e s t e p s a r e taken i n t o account by t h e CTRW(2) method but n o t by t h e usual CTRW(1) method. A t s t i l l lower frequencies, when paths involving several c o r r e l a t e d s t e p s can become important, n e i t h e r t h e CTRW(1) nor t h e CTRW(2) method i s r e l i a b l e , and a s we s e e from t h e f i gure t h e i r r e s u l t s begin t o diverge r a p i d l y from those of t h e HCCPA method. Only t h i s l a t t e r method, which t r e a t s t h e p r o p e r t i e s of an average p a i r of s t a t e s , can take account of repeated hops between a p a i r of s i t e s , a form of c o r r e l a t i o n which i s of s p e c i a l importance i n one-dimensional systems because of t h e i r low connectivity.
